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Abstract 

We explore the possibility of spontaneous R parity violation in the context of 
^4 flavor symmetry. Our model contains 5C/(3)c x SU{2)l x U{1)y singlet matter 
chiral superfields which are arranged as triplet of ^4 and as well as few additional 
Higgs chiral superfields which are singlet under MSSM gauge group and belong to 
triplet and singlet representation under the flavor symmetry. R parity is broken 
spontaneously by the vacuum expectation values of the different sneutrino flelds and 
hence we have neutrino-neutralino as well as neutrino-MSSM gauge singlet higgsino 
mixings in our model, in addition to the standard model neutrino- gauge singlet neu- 
trino, gaugino-higgsino and higgsino-higgsino mixings. Because all of these mixings 
we have an extended neutral fermion mass matrix. We explore the low energy neu- 
trino mass matrix for our model and point out that with some speciflc constraints 
between the sneutrino vacuum expectation values as well as the MSSM gauge sin- 
glet Higgs vacuum expectation values, the low energy neutrino mass matrix will lead 
to a tribimaximal mixing matrix. We also analyze the potential minimization for 
our model and show that one can realize a higher vacuum expectation value of the 
SU{3)c X SU{2)l X U{1)y singlet sneutrino fields even when the other sneutrino 
vacuum expectation values are extremely small or even zero. 
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1 Introduction 



Various experimental evidences on neutrino mass and mixing have opened up a window to 
pliysics beyond the standard model of particle physics. Experiments hke SNO, KamLAND, 
K2K and MINOS [1-4] provide information on the two mass square differences Am|i and 
Ar77,3^ and on the two mixing angles 612 and 623. The third mixing angle ^13 is yet not 
determined, but certainly is known to be small [5]. The current 3a allowed intervals of the 
oscillation parameters are given as [6] 

7.1 X IQ-^eV^ < Amj^ < 8.3 x 10-^eV^ 2.0 x 10"^ < Am^^ < 2.8 x IQ-^eV^ (1) 

0.26 < sin^ 012 < 0.42, 0.34 < sin^ 623 < 0.67, sin^ 613 < 0.05 (2) 

To explain the above mentioned very precise data of neutrino mass and mixing and 
without bringing any additional fine tuning problem into the theory, one has to has look for 
beyond standard model physics. In beyond standard model physics very small Majorana 
neutrino masses can be generated by the dimension 5 operator j^LLHH [7], where the 
masses are suppressed naturally by the scale of new physics A. Note that this term breaks 
lepton number which is mandatory for the generation of Majorana masses. The seesaw [8] 
in its simplest version could be Type I seesaw [8], Type II [9] or Type III [10-13] depending 
on the heavy particles which would be integrated out and generate the above mentioned 
dimension 5 operator are standard model singlet, standard model triplet with hypercharge 
Y — 2 and standard model triplet with hypercharge F = respectively. Observed neutrino 
mixing can be obtained very naturally by imposing flavor symmetry. Among the numerous 
viable flavor symmetry models [14] , the models based on the group A4 are the most popular 
ones [15-18]. 

Among all the different models of beyond standard model physics supersymmetry is 
probably the most attractive one, for its capability to solve the Higgs mass hierarchy 
problem very naturally. The most general superpotential which respects the standard 
model gauge group also allows lepton number and baryon number violating bilinear eLif„ 
and trilinear A, A', A" terms [19-21]. The R- Parity is a discrete symmetry defined as Rp = 
(^_X)3(B-i)+25 g^^^ Jqj, g^jj matter chiral superfields it is —1 while for Higgs chiral superfields 
it is +1. Defined in this way R-parity conservation forbids all the baryon and lepton number 
violating terms in the superpotential. However minimal supersymmetric standard model 
with R parity violation [22-28] opens up the possibility of neutrino mass generation. If one 
sticks to the basic MSSM gauge group and to the MSSM particle contents and breaks R 
parity spontaneously, then eventually one will encounter with the problem of Majoron [23], 
which could be evaded if one extends the MSSM particle contents and/or extends the gauge 
group suitably. 

The neutrino masses could be generated from the bilinear as well as from the trilinear 
R-Parity violating terms of the superpotential. While the bilinear R- Parity violating LH^ 
term generates the neutrino mass via neutrino-higgsino mixing [24,25], neutrino masses 
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could also be generated from the lepton number violating trilinear terms via loop effect 
[29-31]. However severe bounds [32] on the lepton and baryon number violating A, A' 
and A" terms of the superpotential come from the non-observation of proton decay which 
essentially constraint the simultaneous presence of lepton number and baryon number 
violation in the superpotential. 

The spontaneous R parity violation provides a natural explanation for the absence 
of baryon number violating A" term in the superpotential, as long as one sticks to the 
renormalizable field theory. In the scheme of spontaneous R parity violation R parity is a 
symmetry of the theory and once different sneutrino fields get vacuum expectation values, 
R parity is being violated spontaneously. In addition to the field contents of MSSM if one 
has a MSSM gauge singlet/triplet sneutrino state, then the bilinear R parity violating term 
involving leptons and Higgs would be generated once this gauge singlet /triplet sneutrino 
state gets vacuum expectation value. It is possible to realize the other terms A and A' from 
the R parity conserving MSSM superpotential only after redefinition of the basis. 

There have been several attempts to reahze R-parity violation spontaneously. In the 
context of a GUT theory one can relate the spontaneous R-parity violation with the gauge 
symmetry breaking [33] and it is possible to realize some of the sneutrino vacuum expec- 
tation values to be in the TEV scale. In these kind of models the low energy neutrino 
masses would be generated via double seesaw mechanism. However if one sticks to the 
basic MSSM gauge group and explore the possibility of spontaneous R-parity violation 
without invoking any problem of Majoron, one has to extend the particle content of the 
model. One can introduce the standard model singlet/triplet matter chiral superfield into 
the theory. In this kind of model the low energy neutrino mass would be generated via 
the Type-I/Type-III seesaw and it is possible to get proper mass splitting between the low 
energy neutrino masses and the correct mixing even with one generation of heavy neutrino 
matter chiral superfield [34]. The different sneutrino vacuum expectation values share a 
proportionality relation in this kind of model. 

In this work we explore the possibility of spontaneous R-parity violation in the context 
of A4 fiavor symmetry while we stick to the MSSM gauge group. The best fit value of 
the neutrino oscillation parameters points towards a tribimaximal neutrino mixing matrix, 
which is possible to achieve very naturally for the R parity conserving scenario if one im- 
poses a flavor symmetry such as A4 in the theory [16]. In our model we have few additional 
standard model singlet Higgs superfields (/)t, 4>s and ^ along with the standard model singlet 
matter chiral superfields A^. In addition to A4 we have also implemented one symmetry 
in our model. The different Higgs chiral superfields and matter chiral superfields belong to 
the triplet as well as singlet representation under the fiavor symmetry group A4 and have 
suitable Z3 charges. The symmetry group would be broken by the vacuum expectation 
value of the triplet fields while R-parity would be broken spontaneously by the vacuum 
expectation values of the different sneutrino v and fields. The neutral fermion mass ma- 
trix in our model is enlarged compared to that of minimal supersymmetric standard model 
and in addition to the conventional Dirac mixing between the standard model neutrino v 
and the gauge singlet neutrino A'", R-parity violation brings mixing between the different 
neutrino and neutralino states. In our model because of R parity violation we also have 
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other mixings between the different neutrino states and the MSSM gauge singlet higgsino 
fields along with the different gaugino-higgsino and higgsino-higgsino mixings. With all 
these mixings we explore the possibility of generating tribimaximal mixing in our model. 
We point out that although the neutral fermion mass matrix is enlarged and has many 
parameters, however the low energy neutrino mass matrix would still lead to a tribimaxi- 
mal mixing matrix, provided the vacuum expectation values of the different sneutrino and 
gauge singlet Higgs satisfy some specific constraints. We also show that in this model it is 
possible to get a higher vacuum expectation value of the gauge singlet sneutrino fields N 
even if the other sneutrino vacuum expectation values are extremely small and even 
(z>) ^ 0. 

The paper is organized as follows. In section 2 we describe the model and in section 3 
we discuss the neutrino phenomenology where we explore the possibility of getting tribi- 
maximal mixing for our model. In section 4 we discuss the symmetry breaking part where 
we show that even in the (z>) — limit one expects a higher value of the sneutrino vacuum 
expectation value (iV). In section 4 we present our conclusion. Discussion on the soft 
supersymmetry breaking Lagrangian for this model has been presented in the Appendix. 

2 Model 

In this section we present our model. We stick to the SU (3)c x SU (2) l x U{1)y gauge group 
of MSSM and impose flavor symmetry in our model. In addition to the triplet and 
standard model singlet Majorana superfields N, our model contains one standard model 
and A4 singlet superfield C. and two A^ triplets and standard model singlet superfields 
(pT and (ps- The particle contents of our model has explicitly been given in Table. ([1]). 
The details about the discrete symmetry group could be found in [16, 18]. With these 
superfield contents the superpotential of our model is, 

+'y(f)T(pT + 'y'(t)T(pT<f>T + fJ'HuHd. (3) 

Note that apart from A4, one more discrete symmetry has been implemented in our 
model so that (px does not contribute to the standard model neutrino mass generation, ^ 
and (ps do not contribute to the charged lepton masses, although C, and (ps contribute to 
the neutrino sector significantly. We represent the superfields ^ and as follows, 

^ = C + V29i+9eF^, (4) 

Ni = Ni + V2eNi + 9eFN^. (5) 

where i represents the ^4 index and varies from i = 1,2, 3. The other superfields <pT and (ps 
will have the same structure as of ^ given in Eq. (jl]) i.e, 4'Ti,Si denote the scalar partners 
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Field 


L 








N 


Hu,d 






0s 


A, 


3 


1 


1' 


I" 


3 


1 


1 


3 


3 




OJ 


J' 








1 




1 




Rp 


-1 


-1 


-1 


-1 


-1 


+ 1 


+1 


+1 


+1 



Table 1: Field transformation under A4 and Z3 



and 0Ti,Sj denote the fermionic partners and Fx-^Si auxiliary components. Note 

that the matter chiral superfields N, L, e'^, fi'^ and are odd under R-parity while the two 
usual MSSM Higgs chiral superfields Hu,d as well as the other MSSM singlet Higgs chiral 
superfields (px, 0s and ^ are even under R parity. The superpotential given in Eq. ([3]) as 
well as the Kahler potential given in Eq. ( l63l) and Eq. ( l64|) conserve R-parity, however 
R-parity will be broken spontaneously by the vacuum expectation values of the different 
sneutrino fields Ni and z>j. We would like to point out here that the yie'^{(j)TL) term in 
the superpotential Eq. ([3]) actually represents ^Hd{(pTL)e'^ and similarly for the other 
operators y2fi^{4'TLy' and yzf'\(j)TL)' . We would also like to stress here that in our model 
the lepton number is explicitly broken in the superpotential by few of the the trilinear 
terms. Hence the sponateneous R parity violation is not associated with any global U{1) 
symmetry breaking. Therefore in our model sponateneous R parity violation does not 
bring any problem of Majoron. 

In the R parity conserving scenario, the MSSM neutrahnos A°'^ H^^ as well as the 
higgsinos of the other MSSM gauge singlet Higgs chiral superfields i.e 0t, 4>s and ^ decouple 
from the neutrino sector p and A^. The low energy neutrino mass matrix for R-parity 
conserving scenario would be. 



(6) 



where 



mn = yuV2 



and 



/I 0~ 
1 
\0 1 
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M 




2bi 










a- ^ 
263 


b\ 
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a and bi are a = xas and bi = xbu^ respectively where (^) = s and {4>Si) = ^i- In the limit 
Ui = U2 = U3 = u, the mass matrix M has this following form. 



where b = xbu and the low energy neutrino mass matrix becomes, 



3a(62 



V 



f 2ab - 
^2 - ab 
b^ - ab 



b'^ -ab 
b^ + 2ab 
— ab — 3a^ 



b'^-ab 
b^-ab- 3a2 
62 + 2ab 



(10) 



The mixing matrix Ui, which diagonahzes the mass matrix M^, and satisfies the diagonal- 
izing relation U'^ M^U* = Dk has this tribimaximal form, 



U 



3 
1 



\ 



(11) 



and the low energy neutrino masses have this following form, 

1 1 1 



Dk = ylvldiag 



a + b a b 



■)• 



(12) 



Since in our model R parity is violated spontaneously, the neutral fermion sector of our 
model will change significantly. Because of R parity violation the standard model neutrinos 
i^i as well as the gauge singlet Majorana neutrinos iVj mix with the different neutralinos 
A°'^ and 0. In addition to this we also have neutrino-gauge singlet higgsino mix- 
ings and the usual conventional standard model neutrino-gauge singlet neutrino, MSSM 
gaugino-higgsino and gauge singlet higgsino-higgsino mixings. In our model the neu- 
tral fermion basis is ip = (i^', A^', $i, $2, x)? where z/' = (z^e, z^^^, z^r), N' = {Ni, N2, N^), 
^1 = il(f>SiAs2,4>Ss), = ((^Ti,0T2,0T3) and X = (A°, A^, ^°). We denote the 
vacuum expectation values of the different Higgs and the sneutrino fields by {(f^Si) = 
{(pT,) = ti, (^) = s, (H^^u) = ^1,2, {Ni) = Wi and {vl,) = Xi respectively. The neutral 
fermion mass matrix is, 



where 



M 



L = --i)'^Milj + h.c, 



(13) 



/ 






A 
C 






D 
K 








F 




P 



GJ 



(14) 



In the above matrix A, C, D, F, K, G, B and P are these following matrices, 

{y.v2 



A 



V 









(15) 



^Being gauge singlet, Ni does not mix with the gauginos A*^'"^, however mix with the higgsino H^. 
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G 



V 

\ 3 



2b2 

3 , 



a — ^ 



a- I 

263 , 
3 / 



(16) 



D = 2 



XaWi 



XAW3 

\XaW2 



^XbWi 
-|xsW3 
-^XbW2 



-^W^Xb 

\w2XB 

-\wxXb 



-^W2Xb 
-■^WiXb I , 

jw^xs 



(17) 



h + 2ih -ih -it2 

V -7% 7-y^i 27% 



(18) 



K 



1 Sas 


/3ui 


(3U3 


(3U2 \ 




13s + 


-(3'u3 


-(3'U2 






2P'U2 


Ps - P'ui 


\^U2 




(3s - P'ui 


2(3'U3 J 



(19) 



G 



1 

72 



/V2M1 




V 





V2M2 
-givi g2Vi 
giV2 -g2V2 



-giVi 
g2Vi 


-V2fx 



giV2 \ 

-g2V2 

/ 



(20) 



V2 



and 



/ -gixi g2Xi \/2y^wi^ 

-giX2 g2X2 y/2y^w-i 
\-giXz g2Xz V2y^W2j 



/O y^xi 
|/,,X3 
\0 y^X2 



(21) 



(22) 



Note that in the R parity conserving scenario the sncutrino vacuum expectation values 
Xi = and Wi = and hence the matrices D, B and P vanish. As a result the standard 
model light neutrinos z/j as well as the gauge singlet neutrinos Ni decouple from the the 
MSSM neutralino states x = (-^^'^j -^ud) ^^"^ ^^^^ from the gauge singlet higgsino 
states 0T, (j^S) X) as already have been mentioned previously. 



3 Neutrino Mass and Tribimaximal Mixing 

In this section we discuss about the low energy neutrino phenomenology. We would like to 
stress that even with R-parity violation and enlargement of the neutrino sector as shown in 
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Eq. f|T^ the low energy neutrino mixing matrix will still be the tribimaximal one, provided 
the different sneutrino vacuum expectation values of A^, and z>j satisfies a particular equality 
relation, i.e wi = W2 = and xi = X2 = X3 along with the other necessary condition 
Ui = U2 = U3. The mass matrix given in Eq. (|T4l) could be written as. 



M 





MS 



M' 



(23) 



where Md is the 3 x 14 block, M' is a 14 x 14 matrix. Written in this way, the Md and 
M' are these following two matrices. 



and 



Md - 










B), 






D 





^\ 


M' = 




K 














F 















Gj 



(24) 



(25) 



The low energy neutrino mass matrix is, 

M^ ~ MdM'~^MI. 



(26) 



Here we present the analytic expression of the low energy neutrino mass matrix. For the 
sake of simplicity we consider the couplings xa, xb, a, P, (3' of Eq. ([3]) to be the same. In 
addition to this we also consider the vacuum expectation values of ^5 and ^ fields to be 
the same, i.e s = u, however we have checked explicitly and numerically that neither such 
a kind of VEV alignment between s and u nor a equality relation between the different 
couplings of the superpotential is a necessary criteria to get the tribimaximal mixing. With 
this above mentioned simplified assumption, the low energy neutrino mass matrix has this 
following form. 



'8Q + 3Z 
M,. = ^\SZ- 4Q 

.3Z-4g 



SZ-AQ 



3Z + 5Q- 
3Z-Q 



24m^Q 
2Au^Q 



3Z- 
3Z - g- 

3Z + 5g 



4g 



(27) 



where Q, Z and V are, 

Q 



l^uv^yt{i^M^M2 - {giMi + giM2)v^V2), 



(28) 



Z = (3{glMi + glM2){8u^ - w^){^x + viwy^ 



2 

VI 1 



V = l2Pfi{fxMiM2 - {glMi + glM2)viV2){%u^ - w'^). 



(29) 
(30) 
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Clearly M,y(l, 1) + M,y{l, 2) = M^{2, 2) + My{2, 3) and hence one expects the mixing matrix 
to be the tribimaximal one. Since M;^ is a complex symmetric matrix, it will satisfy the 
diagonalizing relation U'^ M^U* = D^, where = diag {mi, 1712,1713). The low energy 
neutrino masses and mixing matrix which will come from the diagonalization of Eq. (1271) 
are as follows, 



2uviy, 

nil ~ 



2. ,2 

V 



2fi{fiMiM2-igiMi+glM2)viV2y ^ ^ 



and the mixing matrix has this tribimaximal form. 



/ 


[2 
V 3 


1 


\ 




1 


1 


1 




V6 






V 


1 


1 


* 1 


V6 


V3 



U= 4, -:k ■ (32) 



4 Symmetry Breaking 

In this section we analyze the potential and the minimization conditions. We show that 
in this model it is possible to get a higher value of vacuum expectation value even for 
a smaller vacuum expectation value of the z> sneutrino field. The small value of (u) could 
be realized for small yukawa yi,. In our model the potential is, 

V = Vd + Vf + Vsoft (33) 

where Vd, Vp represent the D term and F term contributions to the potential respectively 
and Vsoft comes from the soft supersymmetry breaking Lagrangian given in Eq. (1611) and 
in Eq. fl^2]) . The F term contribution is Vp = X]j the index i represents the different 
auxiliary fields of the theory. The neutral component of the potential which would be 
relevant for the analysis of symmetry breaking is Vneutrai = + Vp + V^ojt where the D 
term contribution to Vneutrai is, 

= kg! + 9!)m' - \Hy + e m 

Note that the invariant Kahler potential of the gauge singlet matter chiral superfields 

iVis,l!l 

= [ d^ON^N. (35) 



invariant, hence the Kahler potential is canonical. 
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Since N is singlet under the MSSM gauge group, hence it does not contributes to the 

Vd- The same argument holds for the other gauge singlets Higgs chiral superfield (pT^s 
and i- The different auxiliary fields Fi which would be relevant in determining the neutral 
component of the potential are, 

- F*o = y.{Nii>e + mr + N^^>^.) - I^H^a + (36) 
-F*o = -/xi7° + ..., (37) 

a 

-Fl^y,N^Hl + ..., (38) 
- Fl = xa{N^N^ + 2N^N^) + + /3(<^5i05i + 2</.&053), (39) 

- F*^^ = 2xA^N^ + -^(2cf>s,N^ - cPs,N, - (PssN2) + y.i^eK, (40) 
2rR , ^ , 



2Tn _ _ _ 







-N2Ns) + 2P4>s,^ + 2p'{4>l, 


- 4>S2<PS3), 


(41) 






-N,N,)+2p<j>s,C + 2P'{<Pl 


- <PS1<PS3), 








-N,N2) + 2(34>s,C + 2f3'{(l>% 


- (f>Sl(f>S2), 





and 

- F*^ = 2y(4^ - <l>T,4>Ts) + + (42) 

-F*3 = 2y (4^ - <I>tM + 270r, + ... 

With these auxiliary fields of the superfields Hu,d, N, (ps and 4>t the F term contri- 

bution to the neutral component of the potential will be, 

= KtHo^^o, + + ^i^'" + ^i"'" + (43) 
10 



where 



-2ny^Vi{wiXi + ^23^3 + + nlvliwl + wl + wl), (44) 



(V^/'") = \xA{wi + 2w2W^) + 3as' + + 2^2%) |', (45) 



(^jv'") = |2xasu;i + -^(2mi«;i - U2W?, - U3W2) + yuXiV2\'^ (46) 

2xb 

+ \2xaSW3 + —^{2U2W2 - U1W3 - UsWi) + yuX3V2\'^ 

2x 

+ \2XASW2 + —^i2u3W3 - U1W2 - U2W1) + yuX2V2\'^, 



{Vs'l = \^iwl-W2W3)+2Pu,S + 2P'iul-U2U3)\' 

2xq 

+ |— — (^2 - W1W3) + 2l3u3S + 2(3' {u\ - -ui-ua)!^ 

o 

+ - + 2Pu2S + 2(3\ul - u,U2)\\ (47) 



and 



(l^/'") = \2i{ii - t2h) + 27ti|^ + \2i{ii - tits) + 27t 



3 



+ |2y(t^-M2) + 27t2r- (48) 

The soft supersymmetry breaking Lagrangian for this model has been given in Eq. (16T]) and 
Eq. (162|) in the appendix and below we write the soft supersymmetry breaking contribution 

to {yneutral) 1 

{^soft) = '^yuiwiXl + W2X3 + W3X2)V2 + 2xas{wI + 2W2W3) 

+ —^{2Uiw'l + 2m2W;2 + 2M3U'3 — 2MiI(J21L'3 — 2m2«'i1L'3 — 2U3W1W2) (49) 

3 

+2diS^ + 2/?s(n^ + 2n2'U3) + 27(^1 + 2t2t3) + ^{u\ + ul + ul- ?,UiU2U3) 

47' 

+ ^(^? + ^2 + i^3 - ^ht2h) + r^S^ + rT(ti + ^2 + ^3) + ^5(m? + M2 + W3) 
+rAr(l(7^ + 14^2 + U^s) + "^H„'^2 + "^H^^l ~ 26vii)2 + m|(x^ + ^3 + X3). (50) 

To simplify the analysis we assume all the vacuum expectation values and the couplings 
as real and also assume Ui = U2 = = u, Wi = W2 = W3 = w, Xi = X2 = Xs = x and 
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ti = t,t2 = = 0. Minimizing (Vneutrai) given in Eq. (H3|) w.r.t the different vacuum 
expectation values t, w, x, s, u and Vi^2 we get these following equations respectively, 

Sy^t^ ^ ^ ^27'7t + rr + 27'^ + 27 = 0; t 7^ 0, (51) 

36x^t(;^ + 36a;Aas^i« + ?)Qxa(3wu^ + ISylx'^w — Qy^jivix + 6ylvlw 

12xAyvV2SX + 24x^5^1^1 + 6yuV2X + 12xasw + Qrj^w = 0, (52) 

ISylw'^x — Qy^^ViW + 6j/^^;2^ + 6y„V2W + Qrn-^x 

+ 12xAyuV2SW + ^^^^^^h x{vf -vl + 3x2) ^ (^53^) 

360^5^ + 36x^05^2 + SGpasu'^ + 2^x\su? + 2^i5'^u^s (54) 
+12xAyiyi'2'*i'a^ + 6xA'fw^ + 6as2 + G/Stt^ + 2r^s = 0, 

SG/J^-u^ + 36/3as\ + 36x^/?m;\ + 24/3^5^ + 12f3su + 6rsu = 0, (55) 

2fi^vi + 2m\ vi - 2bv2 - Qyuiiwx + ^{gl + gDiyl - vl + 3^^) = 0, (56) 
" 2 



2^2 V2 + 2mjj V2 - 2bvi - ^{gl + gl){vl - + 3^^ 



V2 

2 

+12xAyuS'wx + 6ylw'^V2 + Qy1x^V2 + Qy^wx = 0. (57) 

As evident from Eq. (jSSD, the vacuum expectation value x could be naturally realized 
in the limit y^ 0. In the limit of small yukawa i.e y^ ^ and x ^ from Eq. (!52|) 
one will get the following relation between the different vacuum expectation values of the 
sneutrino and the Higgs 05 and ^ fields, 

2 Gxac^s"^ + GxaPu^ + 4:x\s'^ + 2xas + 
" = ^''^ 

Using Eq. (!52l) and Eq. (l55l) . the vacuum expectation value s of the ^ field would come as. 



s = ^ 59 

2A ^ ' 

where A = Axa(3{xa — P), B = 2{[3xa — I3xa) and C = {(3r^ — tsXa)- It is clearly evident 
from Eq. fl58|) that the vacuum expectation value w of the sneutrino field N is related 
with the vacuum expectation value of the different standard model singlet R-Parity even 
Higgs fields ^ and 05, as well as it depends on the soft supersymmetry breaking coupling 
ttv and even in the {v) = x Q limit it is possible to get a nonzero and higher value of 
the sneutrino vacuum expectation value (A^). 
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5 Conclusion 



In this work we have explored the possibihty of spontaneous R parity violation in the 
context of a specific flavor model. The flavor symmetry group is and in addition we 
have implemented another discrete symmetry group Z^. The superpotential given in Eq. 
([3]) conserves R-parity. However R-parity would be broken spontaneously when the different 
sneutrino fields which are odd under R parity will get the vacuum expectation values. The 
A4 flavor symmetry will be broken by the vacuum expectation values of the A4 triplet fields. 
Because of the R parity violation we have mixing between the standard model neutrinos, 
MSSM higgsinos and gauginos, as well as mixing between the gauge singlet neutrinos and 
MSSM higgsinos. In our model the Higgs and higgsino sector is enlarged because of the 
presence of the gauge singlet Higgs chiral superfield 0s, 0t and ^. Hence, in addition to 
the higgsino-higgsino, gaugino-higgsino and the conventional Dirac type neutrino-neutrino 
mixings we also have mixings between the neutrino and these gauge singlet higgsinos. As 
a result in our model the neutral fermion mass matrix is a 17 x 17 matrix. However we 
show that the low energy neutrino mass matrix which will be generated once the different 
heavier neutral fermionic states are integrated out, can still have a specific form leading to 
the tribimaximal mixing matrix, provided few constraints between the different sneutrino 
and Higgs vacuum expectation values are satisfied. 

We have also explored the potential minimization in detail. One can relate the sponta- 
neous R parity violation with some higher gauge symmetry breaking and in these kind of 
models [33] one realizes a higher value of one of the the R parity violating sneutrino vacuum 
expectation value. On the other hand if one sticks to the basic MSSM gauge group and 
also the MSSM particle content and explores the R parity violation, one would eventually 
get into the trouble of Majoron [23]. However introducing one MSSM gauge group sin- 
glet/triplet matter chiral superfield one can avoid the problem of Majoron because of the 
explicit breaking of lepton number although breaking R parity spontaneously [34]. In this 
kind of models the different sneutrino vacuum expectation values share a proportionality 
relation and the smallness of the neutrino mass forces the sneutrino vacuum expectation 
values to be small. In this present model although we stick to the basic MSSM gauge 
group, however it is possible to realize a higher value of the sneutrino VEV (A^) even in 
the (u) limit. We have analyzed the potential and have shown this particular feature 
explicitly. For the sake of simplicity we have assumed the different sneutrino vacuum ex- 
pectation values ti'1,2,3 = w and Xi^2,3 = x as well as the vacuum expectation values of (j)s 
fields til, 2,3 = u. Note that for this assumption one would also obtain the desired tribi- 
maximal mixing in the low energy neutrino sector, as already been mentioned in section 3 
and in the earlier paragraph. We have shown that the sneutrino vacuum expectation value 
(N) is related with the other Higgs vacuum expectation values (0s) and {^) as well as it 
depends on the soft supersymmetry breaking parameter r^r given in Eq. (162|) . Hence for 
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rjsi ~ TEV one would also expect {N) in the TeV scale. 
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Appendix 

A Soft Supersymmetry Breaking 

Here we write the soft supersymmetry breaking Lagrangian of our model. Following super- 
gravity mediated supersymmetry breaking ansatz [35] l| the soft supersymmetry breaking 
lagrangian of this model would be 



soft 



soft 



(60) 



where 



soft 



+ {rnlrK^ + <HlHd + <„^I^n + {hH^H, + H.c.) 
-^iH^Qiu''^ + A'jHdQ^d'j + H.c 



^H,{<PT)Le^ + ^j^H,{{<PT)Lrr + ^i/d((0T)L)'f^ + H.c. 



]- (M^gg + MsYA^ + MiA°A° + H.c. 



(61) 



and 



'-soft 



+ {y,NLHu + iA^NN + xb<PsNN + 

+/3'4>S(l)S(pS + P4>s4>S^ + + ^' (t)T(t)T(t>T + h.c) 



(62) 



Note that the trilinear soft supersymmetry breaking terms involving the different slepton 
fields would be generated from the ^Hii{(j)TL)e'^, ^Hd{4>TL)" fi'^ and '^Hd{4>TL)'f'^ opera- 
tors once the triplet Higgs 0t gets the vacuum expectation value, thereby breaking ^4 



We consider the canonical Kahler potential and the gauge kinetic function to be Jab = Sab 
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spontaneously. Since we adopt a supergravity mediated supersymmetry breaking mech- 
anism, jji, = y^a and similar kind of relation would hold for other trilinear and bilinear 
couplings as well. The Kahler potential involving the gauge singlet superfields (ps,T, ^ and 
N is, 



The Kahler potential for the other superfields which transform nontrivially under standard 
model gauge group will have this form. 



References 

[1] B. T. Cleveland et al, Astrophys. J. 496, 505 (1998); J. N. Abdurashitov et al. 
[SAGE Collaboration], Zh. Eksp. Teor. Fiz. 122, 211 (2002) [J. Exp. Theor. Phys. 
95, 181 (2002)]; W. Hampel et al. [GALLEX Collaboration], Phys. Lett. B 447, 127 
(1999); S. Fukuda et al. [Super-Kamiokande Collaboration], Phys. Lett. B 539, 179 
(2002); B. Aharmim et al. [SNO Collaboration], Phys. Rev. C 72, 055502 (2005); 
B. Collaboration. larXiv:0708.2 251 [astro-ph]. 

[2] K. Eguchi et al, [KamLAND Collaboration], Phys.Rev.Lett.90 (2003) 021802; 
T. Araki et al. [KamLAND Collaboration], Phys. Rev. Lett. 94, 081801 (2005). I 
Shimizu, talk at 10th International Conference on Topics in Astroparticle and Under- 
ground Physics, TAUP 2007,Sendai, Japan, 2007. 

[3] E. Ahu et al. [K2K Collaboration], Phys. Rev. Lett. 94, 081802 (2005). 

[4] D. G. Michael et al. [MINOS Collaboration], Phys. Rev. Lett. 97, 191801 (2006). 

[5] M. ApoUonio et al, Eur. Phys. J. C 27, 331 (2003). 

[6] A. Bandyopadhyay, S. Choubey, S. Goswami, S. T. Petcov and D. P. Roy, 
[arXrv:0 804.4857 [hep-ph]. M. Maltoni, T. Schwetz, M. A. Tortola and J. W. F. Valle, 
New J. Phys. 6, 122 (2004), ,hep-ph/0405172, v6; G. L. Fogh et al. ■arXiv:0805.2517 
[hep-ph] . 

[7] S. Weinberg, Phys. Rev. Lett. 43, 1566 (1979). 

[8] P. Minkowski, Phys. Lett. B 67, 421 (1977); M. Gell-Mann, P. Ramond, and R. Slan- 
sky, Supergravity (P. van Nieuwenhuizen et al. eds.). North Holland, Amsterdam, 1980, 
p. 315; T. Yanagida, in Proceedings of the Workshop on the Unified Theory and the 




(63) 




(64) 



where (pi is any MSSM superfield and V is the vector superfield. 



15 



Baryon Number in the Universe (O. Sawada and A. Sugamoto, eds.), KEK, Tsukuba, 
Japan, 1979, p. 95; S. L. Glashow, The future of elementary particle physics, in Pro- 
ceedings of the 1979 Cargese Summer Institute on Quarks and Leptons (M. Levy et al. 
eds.). Plenum Press, New York, 1980, pp. 687; R. N. Mohapatra and G. Senjanovic, 
Phys. Rev. Lett. 44, 912 (1980). 

M. Magg and C. Wetterich, Phys. Lett. B 94, 61 (1980); J. Schechter and 
J. W. F. Valle, Phys. Rev. D 22, 2227 (1980); C. Wetterich, Nucl. Phys. B 187, 
343 (1981); G. Lazarides, Q. Shafi and C. Wetterich, NucL Phys. B 181, 287 (1981); 
R. N. Mohapatra and G. Senjanovic, Phys. Rev. D 23, 165 (1981). 

R. Foot, H. Lew, X. G. He and G. C. Jos hi, Z. Phys. C 44, 441 (1989); E. Ma, Phys. 
Rev. Lett. 81, 1171 (1998) |a rXiv:hep -ph/9805219|. 



arXiv:hep-ph/0503186| 
arXiv:hep-ph/0507067| 



arXiv:hep-ph/0612029| 



arXiv:hep -ph/0612216| 



S. M. Barr and L Dorsner, Phys. Rev. D 72, 015011 (2005) 
S. M. Barr and L Dorsner, Phys. Lett. B 632, 527 (2006) 
B. Bajc and G. Senjanovic, JHEP 0708, 014 (2007) 
L Dorsner and P. Fileviez Perez, JHEP 0706, 029 (2007) 

B. Baj c, M. Nemevsek and G. Senjanovic, Phys. Rev. D 76, 055011 (2007) 
farXiv:hep-ph /0703080 1 ; A. Abada, C. Biggio, F. Bonnet, M. B. Gavela and T. Ham- 
bye, JHEP 0712, 061 (2007) [arXiv: 0707,4058 [hep-ph]]. A. Abada, C. Biggio, F. Bon- 
net, M. B. Gavela and T. Hambye, Phys. Rev. D 78, 033007 (2008) |arXiv:0803.0 48T] 
[hep-ph]]; R. Franceschini, T. Hambye and A. Strumia, Phys. Rev. D 78, 033002 (2008) 
[arXiv:0805.1613 [hep-ph]]; R. N. Mohapatra, N. Okada and H. B. Yu, Phys. Rev. D 
78, 075011 (2008) [arXiv:0807.4524 [hep-ph]]; R. N. Mohapatra, Phys. Lett. B 679, 
382 (2009) [arXiv:0907.2070 [hep-ph]]; P. Fileviez Perez, H. Iminniyaz, G. Rodrigo 
and S. Spinner, larXiv:0911.1360l [hep-ph]. 

F. del Aguila and J. A. Aguilar-Saavedra, Nucl. Phys. B 813, 22 (2009) 
[arXiv:0808.2468 [hep-ph]]; J. Chakrabortty, A. Dighe, S. Goswami and S. Ray, Nucl. 
Phys. B 820, 116 (2009) |arXiv:0812.2Tf6l [hep-ph]] . A. Arhrib, B. Bajc, D. K. Ghosh, 
T. Han, G. Y. Huang, I. Puljak and G. Senianovic. larXiv:0904.2 390 [hep-ph]; 

P. Bandyopadhyay, S. Choubey and M. Mitra, JHEP 0910, 012 (2009) 
iarXiv:0906.5330l [hep-ph]]. 

S. Choubey and W. Rodejohann, Eur. Phys. J. C 40, 259 (2005) 



arXiv:hep-ph/0411190|; L. Everett and P. Ramond, JHEP 0701, 014 (2007) 



arXiv:hep-ph/0608069|; C. Luhn, S. Nasri and P. Ramond, Phys. Lett. B 652, 



27 (2007) |ar2£ivL0706.2341 [hep-ph]]; F. Feruglio and Y. Lin, Nucl. Phys. B 800, 
77 (2008) [arXiv:0712.1528 [hep-ph]]; M. Mitra and S. Choubey, Phys. Rev. D 78, 
115014 (2008) [arXiv:0806.3254 [hep-ph]]; F. Bazzocchi, L. Merlo and S. Morisi, Nucl. 
Phys. B 816, 204 (2009) |arXiv:0901. 20861 [hep-ph]]; G. AltareUi, F. Feruglio and 
L. Merlo, JHEP 0905, 020 (2009) [arXiv: 09031^ [hep-ph]]; D. Ibanez, S. Morisi and 
J. W. F. Valle, Phys. Rev. D 80, 053015 (2009) [a^:0907.3l09l [hep-ph]]: S. F. King 



16 



and C. Luhn, larXiv: 0908 .18971 [hep-ph]; S. Morisi and E. Peinado, larXiv:0910.4389l 
[hep-ph]; S. F. King and C. Luhn. larXiv:0912.1344l [hep-ph]. 

[15] E. Ma and G. Rajasekaran, Phys. Rev. D 64, 113012 (2001) |arXiv:hep-ph7or06291 1 ; 

[16] G. AltareUi and F. Ferugho, Nucl. Phys. B 741, 215 (2006) |arXiv:hep-ph/0512103| ; 

[17] M. Hirsc h, A. S. Jo shipura, S. Kaneko and J. W. F. Valle, Phys. Rev. Lett. 99, 151802 
(2007) [arXiv:hep-ph/0703046|; B. Brahmachari, S. Choubey and M. Mitra, Phys. 
Rev. D 77, 073008 (2008) [arXiv:0801.3554 [hep-ph]]; B. Adhikary and A. Ghosal, 
Phys. Rev. D 78, 073007 (2008) [arXiv:0803.3582 [hep-ph]]; F. Ferugho, C. Hage- 
dorn, Y. Lin and L. Merlo, Nucl. Phys. B 809, 218 (2009) |arXiv:0807.3T60l [hep-ph]]; 
M. C. Chen and S. F. King, JHEP 0906, 072 (2009) |arXiv:0903.0T25 [hep-ph]]: E. Ma, 
^Xra908.3r65 [hep-ph]; F. Ferugho, C. Hagedorn and L. Merlo, larXiv:0910.4058l 
[hep-ph]; S. Morisi and E. Peinado. .arXiv:0910.4389 [hep-ph]. 

[18] F. Feruglio, C. Hagedorn and L. Merlo. larXiv:0910.4058l [hep-ph]: F. Feruglio, C. Hage- 
dorn, Y. Lin and L. Merlo, larXiv: 09 1 1 . 38741 [hep-ph]. 

[19] For a review on R party violation, R. Barbier et ai, Phys. Rept. 420, 1 (2005) 
|arXiv:hep- ph70406039| . 

[20] P. Fayet, Phys. Lett. B 69, 489 (1977); G. R. Farrar and P. Fayet, Phys. Lett. B 76, 
575 (1978); L. J. Hall and M. Suzuki, Nucl. Phys. B 231, 419 (1984); I. H. Lee, Phys. 
Lett. B 138, 121 (1984); L H. Lee, Nucl. Phys. B 246, 120 (1984); G. G. Ross and 
J. W. F. Valle, Phys. Lett. B 151, 375 (1985). 

[21] C. S. Aulakh and R. N. Mohapatra, Phys. Lett. B 119, 136 (1982); J. R. Ellis, 
G. Gelmini, C. Jarlskog, G. G. Ross and J. W. F. Valle, Phys. Lett. B 150, 142 
(1985). 

[22] A. Santamaria and J. W. F. Valle, Phys. Lett. B 195, 423 (1987). 
[23] A. Masiero and J. W. F. Valle, Phys. Lett. B 251, 273 (1990). 

[24] S. Roy and B. Mukhopadhyaya, Phys. Rev. D 55, 7020 (1997) |arXiv:hep-ph/9612447| . 

[25] A. S. Jo shipura and M. Nowakowski, Phys. Rev. D 51, 2421 (1995) 
|arXlvdiep"-ph/9408224|; A. Datta, B. Mukhopadhyaya and S. Roy, Phys. Rev. D 61, 
055006 (2000) |arXiv:hep-ph/9905549|; A. S. Joshipura, R. D. Vaidya and S. K. Vem- 
pati, Nucl. Phys. B 639, 290 (2002) | arXiv:hep-ph/0203182] . 

[26] A. S. Jos hipura and S. K. Vempati, Phys. Rev. D 60, 095009 (1999) 
|arXiv:hep-ph/9808232|; D. E. Kaplan and A. E. Nelson, JHEP 0001, 033 (2000) 
tarXiv:hep-ph/9901254] . 



17 



[27] D. E. Lopez- Fogliani and C. Munoz, Phys. Rev. Lett. 97, 041801 (2006) 
|arXiv:hep-ph7 0508297|; P. Ghosh and S. Roy, JHEP 0904, 069 (2009) 
[arXiv:0812.0084 [hep-ph]]; A. Bartl, M. Hirsch, A. Vicente, S. Liebler and W. Porod, 
JHEP 0905, 120 (2009) [a rXiv:0903.3596 [hep-ph]]. 

[28] A. Abada and G. Moreau, JHEP 0608, 044 (2006) |arXiv:hep-ph/0604216]; 
B. Mukhopadhyaya and R. Srikanth, Phys. Rev. D 74, 075001 (2006) 
|arXiv:hep-ph/0605109] . 

[29] M. Dre es, S. P akvasa, X. Tata and T. ter Veldhuis, Phys. Rev. D 57, 5335 (1998) 
[arXiv:h ep-ph/9712392]; E. J. Chun, S. K. Kang, C. W. Kim and U. W. Lee, NucL 
Phys. B 544, 89 (1999) |arXiv:hep-ph/9807327|; S. Rakshit, G . Bhattacharyya and 
A. Raychaudhuri, Phys. Rev. D 59, 091701 (1999) |arXiv:hep-ph/9 811500|; R. Ad- 
hikari and G. Omanovic, Phys. Rev. D 59, 073003 (1999); M. Hirsch, M. A. Diaz, 
W. Porod, J. C. Romao an d J. W. F. V alle, Phys. Rev. D 62, 113008 (2000) [Erratum- 
ibid. D 65, 119901 (2002)] farXiv:hep-ph/0004115|; A. S. Joshipura, R. D. Vaidya and 
S. K. Vempati, Phys. Rev. D 65, 053018 (2002) [arXiv:hep-ph/0107204|; A. Dedes, 
S. Rimmer and J. Rosiek, JHEP 0608, 005 (2006) [a rXiv:hep-ph /0 6032 25|. 

[30] Y. Grossman and S. Rakshit, Phys. Rev. D 69, 093002 (2004) [arXiv:hep -ph/0311310| ; 
S. Rakshit, Mod. Phys. Lett. A 19, 2239 (2004) [ arXiv:hep-ph/0406168i . 

[31] F. Borzumati and J. S. Lee, Phys. Rev. D 66, 115012 (2002) |arXiv:hep-ph/0207184| ; 

[32] L Hinchhffe and T. Kaeding, Phys. Rev. D 47, 279 (1993); A. Y. Smirnov and 
F. Vissani, Phy s. Lett. B 380, 317 (1996) |arXiv:h ep^ph/9601387| ; H. K. Dreiner, 
[arXiv:hep-ph/9707435i J. H. Jang, Y. G. Kim and J. S. Lee, Phys. Rev. D 58, 035006 
(1998) |arXiv:hep-ph/9711504|. G. Bhattacharyya and A. Raychaudhuri, Phys. Rev. 
D 57, 3837 (1998) [ arXiv:hep- ph/9712245|; P. Nath and P. Fileviez Perez, Phys. Rept. 
441, 191 (2007) |arXiv:hep-ph/0601023]; M. Artuso et al, Eur. Phys. J. C 57, 309 



(2008) [ arXiv:0801. 18331 [hep-ph]]. 

[33] P. Fileviez Perez and S. Spinner, Phys. Lett. B 673, 251 (2009) |arXiv:0811. 3424 1 [hep- 
ph]]; V. Barger, P. Fileviez Perez and S. Spinner, Phys. Rev. Lett. 102, 181802 (2009) 
(arXiv:0812.366 1 [hep-ph]]; P. Fileviez Perez and S. Spinner, Phys. Rev. D 80, 015004 

(2009) [arXiv:0904.2213 [hep-ph]]; L. L. Everett, P. Fileviez Perez and S. Spinner, 
Phys. Rev. D 80, 055007 (2009) [arXiv:0906.4095 [hep-ph]]; L. L. Everett, P. Fileviez 
Perez and S. Spinner, Phys. Rev. D 80, 055007 (2009) [a rXiv: 0906. 4095 [hep-ph]]; 
P. Fileviez Perez and S. Spinner, larXiv:0909. 18411 [hep-ph]. 

[34] S. Choubey and M. Mitra. l^?Xw:0911. 20301 [hep-ph]. 



[35] S. P. Martin, arXiv:hep-ph/9709356: 



18 



